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Biorogicu, enysies, JloR acacsny co? Scienses, ot 
bushoninsens-Ce, prolished in the Russiaseic ugucse Qe 
periodical Siofisika (Siopghysices), Yo. A5iz, io 1, 
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he study cf the optical pro --ztlzs of molecules a> a 
a consicsxuble emount of inrormitica conceraing thsir st Ure 
puving tia interaction of lignt wita a susstants s2 are dmeRing ‘ 
Siusalitancously wish a number of j4en>..ena in vhiek the optigul 
propertic3s of molecules are manifestec. At tans prasext 
many of tress puenomen: have besn studied sufficieatly 
widaly used in various sensitive analytical matacds. Su 
poenoran. include assorption and emission of light by mo S» 
refracticn of light wave, deflesticn of plane of polar 
ing tha transmisaion of ligns throuch a substance, ctaers 
e A simple intorzretution my be provided only ia 3 
o2 the spcotrmun chere a@ substance is relatively trans; 
However withsat a doubts more information about the propertias 
Of the molseules uncer study oan be obtained by analyzing the 
Panges of strong resonance abdsorgtion, since it is namely here 
tniB the source of efcests ia found. aosor tion in the visible 
and witrcrioles runges of the spectrum is conditioned by the 
nteraction of ths lisht vave with electrons whien are found in 
the molecules3 iapgliea are the so-called valense eisotrons 
waieh t.3:5 ,; ort in tha formation of cnemisal bonds. 


Tne purzose of tae present vors is to bring Sh3 attention 
62 invesvicntors tuo are studyins the structure of Diozolyners 
to tus ,votthicrittes in tas isnmisecstacion of tne optical prope 
ertios of tuess wolessuies im tus ranges of imia absorgtion of 
pocurrent Lisius in tic poelypcer cnain. in Coasection with this 
Ay dy meceasury te ca.tins: the ¢.. racteristies of transitions 
BM ties Danases toed 3S ectra of uvatr, tion und 

es, eclnlly in the xs estra of aGel soc. ticnhe 2hed 1 -uivese 
techon degunds cesehtinll* wets 02 the op tisl dastrioutlon of 
tPanciclens dn tie mrlee.id 02.4 
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the dllucts.tivas edited relate i. ianiy ¢ 
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aR OS 8 gh 2 bgt. caction of molecules 
_W&ath the s.scnrane wo. 4 digat wave it ds suflicicas 
GS eonakeicek Lic lis 2G SLectrtc 2 veetor of tle wave. 
Being agcaiorived op one ck we CLGld Lae vuleace clectrens 


ef @ MOlcoale ov Sraiso or une. exeuted states. Tats takes 
pieces say At sm be Li Soe emey of 24gu5 osetllavions 2nd & 
& 3f3e, im ressvesl .6 toa partiowla> molecule, positica of 
aS Place im tous in. ée.cctmucti vaccor As osscililiating; then 
Wo ObSorve strc; soeor,ticn ef Ligat dn a substance. The prob-= 
@oseity of tna toc J icton in a unit of time Wz, of a xolecuio 
Ome saeSgy sou i.icn @ tanto anoscher 6b wica assorption oz 

G@tiasicn of 4 quantum of Lo cay ia prove: onal to tae squares of 
the matri-. element of the . ole monsnt Fes (2t 13 also eatiod 
the momert of tran:it.or.., :9 the squcre of the elLoctrical rieid 
dntensit,; of the lig. wav: E , and aisd Gependy on tne cucree 
Of popliction «7 tas .evel: ootween which the trarsition cas 
piace /77. Duriag the study af a mx coule with tra help of 
Spectroscopy for u3 i: 1s import.unt to mow that tise dagree of 
aszerptica is proport.omal <0 the velus 
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Bere @ «= whe sngis Sitiwea the vector of moment c> transition 
Keb ana vector = . 


in a ahysicai sense te moment o° transition sosresponds to 
the ehanye of the vector of electrical dipole ranuat durin; the 
wen transitic.. Tas cefeddence of zbsoxption on the direction 
Of polarization of tas electrical vaccor of the fi.id maxes it 
pessidle <0 ¢ceterzuine the spatial dist iouticn of icdiviacual 
of atoms in the xolccule. For th-3 it is resessary to 
the direction of the -cmsat of transition in tas struc ou 
en@ the linear dichro‘sm of the corz:sponding banc of absorption. 
The nse in tae spectrum of a bend of abserption resicetes 
the t thet the moment of the given transition does not equal 
seve (under the condition tast the vector of tne field £& is not 
perpendicular to the mozent of transition); such a transition is 
ealleé Gllowed or active in the spectr.m of absorption. ia tae 
general ease of an assymetrical molioura ald transitions are 
Ssotive. 


fhe speed of light in a mediua ia Aifferent from the speed 
ef Jigks in a vacuum, reac extrer. values close to resonanse 
ebserption, whieh is reflec in the Gispersion of the refrace 
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Fig. 1. Csanges in tno eosfficieas af aczorption & , refractive 
axtex Mm =, Coeffieiert of circular dichrois absor tion A@, and 
optioal retaticn &@ in tae srea of an isolated vad of absorotion 


(ideal ¢cu.s). "+" = positive Cotcon effect, * © * = negative 
Cotton ef. cote 


oust as tis absorstioan coefficient, the refractiys. index in the 


C&S OF Ga anisotropic medina takes ve-Lous vulues along various 
directions (coudie rofractions), <1. the corresporcing aifference 
Anta Na TAS Sorve a3 & Kessure Of tha ésyzmstry of rolccules 
aad tasir cvisntation relative to cas distinguasnid Gireetionse 
sstwveen tas phononera of absorption ené dispersion of tne resrace 
tive indc: taore is a unique bund making it posaivie, tuseé on 
223 coelficlans Of assorption, to fing tne dcependerse of tas 
reivactics index on the frequsncy ari conversely. This bead is 
cescrmined by tia expressicas of “ronigestrunce fe ite an ordie 
mary pr.ecisce 1s is more convenieai to measure to.s gp utbtia of 
eheorotion, @itnough sometines 1s 4s uiso nesuacur;, to inex tue 
refractive index. 


Mech more simst+: intersesicus ars uw niscatcd £3 tuv o.tieul 
activity of fepurute transitions in a svolscuis ste Se wv, tacal 
setivity is exzrossod ia elreular alc:riian (eliocucim Cuable 
refraction), 1te @og An Gactverenc uboo sr ,tica er 26-8 waves, 
ponePssdseé Caccidies (RZ Bi CCunteselosnaice (Lp, cn tis ons 
nand, or tn tae roi.tion ef tue :lun? ch pelerisationu of j Llano 
polarized lisst om the other (Fis. 1}, 
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aa ‘the phonenmena unaiysed by ts are presscated in Taole 1, where 
@f each iine aro reoos, ace the corresponding cptacal properties 
‘Of moleculose 
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Boo: absepption; b) Linear dichroisn, dichrois eette: “¢) Circuiar 
erie @) Ciroular dichroie absorption cf eit: bacs.Z3 
f rd Designations; 8) Nature of efiect; eo) Refraction of light, 
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ie “A measure of oir ceed @ichroism ts the oirculs: dicaroic 
ten AG2¢ ~ Eno? ellipticity 6 , expressing the 
ditt tht mi 2 cor swanaformst ich of Linear yolar:zod 
j oO elliptica polarised correspendins rat 
td aMG small azea of ellipse Zi. The io ee ok 
4a the angle of turn of the plane of polariza- 
&., tm any optically active medium both effects ar manie 
oved ° siece aes aécurstol7 the 
potarisation. eerie 


Dndex speoitie conditions $t may oven turn cut that Jlins> 
converts into light which is polarized ¢ sreulerlye 
> fina the general expression for elliptios “y in. 
Lepper the eiiptiosty encountered in practice 
* the ante of the abs and of a syecinen) is minor 
this ease ellioticity ds oxpressea Binply through tore 
dent of absorption for eounterclooxwise und clocsxwise 
polarised ——* zt as eonrentent to use the somoalled 
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accurat_ exprcsaioa of tnon is obtained gaite conpiaxlye in the 
works -117 One C&A bec ome sequainied «ita otunygics CF Sao theee 
posdeal ccacubction ef the force of rovsatione 
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whota Op ara ¢- ave vue molesulay < ea iesents ¢2 absorotion 
csrres pox ee Soe 42.45 valen is poiasises gount ‘ecleoumise and 
Glocicrise,. 


Ciosvier eioncot: 4 ans estioc’ sates .ca ars ¢: sted. oy 
anber>rove>s-aie POLALACIS salen 28 Ter =e, Ous ts tas rsiations 
ef Esonip-Cramsxr for sa3 ve..scs of € acc. f) - “aorctore for the 
valuss or Q@sna F , SOTCA Dor ill the 2345 of the spoctoum and 
Sor tae s.dtvidesl 220° 
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#2400 @F3 namcd Gorrespondirnsgiy rape rer 
Opedcal ritesior ind partacular ciscula> dicaroisn, 1s is possible 
so write 5, 4, 7: 
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AS tia present tins in preotico equal 8 
m ms.suting ciseutlar dichroian cn d-uchre 
Cu polarimaters 
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cre nhs ox opticas rotation 
She Optieai activity cf ah she absorge.on band, 


transition Q=e4, 413 characterized by strong rota= 


a ry t 
Raz ~ Ime (a, - mine) = cont» (amar. 


2608 jigs and Mg cre the eloetrical ané c2gnetic merents of 


sransitio-. corresponé-n5lye im indicates that 1t 13 necessary 
se take tae minim pers Of tha sosicr creauct of tase uwaments. 


in tre cajcerisy of cases the prediction of 


the force of 
rotation bears valy a euclitative nature Sno 


vu ae ecalcul.tion of 
transition mosants requises knosledze of t >» wave fanctious of a 


solecule tihich is excited by tne Piciu of ne 2.ghs weve; an 
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| Bolycestides, rrovetrs. $3.8 vrocusrensS Girt @ the portias 
PF = Gil*ectrons O21 ators of ox; < zs 


Cup Tle, earbor, 242 a2teccon 
@ collective systom of 3l-sle:::--ns (Fige 2). ace tro 

2% bonds of CO and Ci have a -ltloliettr elose t: a a 
@erditioned by eleotrons of the ST-e--stea esers S005 siseic 
walenses of fisriy und Seplastr-.:, 3 


@ are found in the far ultravioclst ranze of tre spectros, 
exoitation of the Steclectreon svatex the teansitic:5 
ahve lesa enercy and the longest wave ches corrsezond £0 bands 
‘po @ absorpsion of croand 2 mate Several of tas cxmino acid 
~ °», = MA@Le@ls have aromatic systems, the “<racsitions in eaten tako 


> “sygaeee at long waves of around $60-236 wie Horever tats is not 
 “geptide acsorptica and we will not consider it 


er ge © 
pire « 


~ +4@ mw oe 


Bisotron cont! tions ¢f atoms of a pestide Ps 
} Tadond; (d) oc -bend. cere ee 


H 
& 
$ 
4 
; 
§ 
af 
: 
8 
i 
F 


os andleatos exsitation) the following bands are connected 


ce 3 “strong band arvund 160 na « Zw» Ses, 
Se ee pking Sharpes around 190 me fr Jt, 
Weak around £290 nn= 2% 7%. 


_* She Livet two transitions are polarized in ths planc of the 
pt group, since it is namely in tais plans, vhich pisso3 
atons of 0, GO, and ¥ that recistribution of the doncity 
, Of. K-electrons takes place with the given exoitaiieon. The iast 
‘f@wansition of unshared electrons (f) af the &fy -crbit of tho aton 
of axyzen should be perponéisulas, houcver an sxperizental study 
G@iccroiem ef the corresponding band in a erystal with a kaow 
we is @ quive s rong component dcireeted 
e This is sonnected with induce- 
in comparison with the XX sotransie 
is manifes.od very weakly in the spectrin 
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In tie prssconthi cocsssizis rc len of <2 spectros fre 180 na 
C2 EONS Solve pecs GfS fF 2s72 ins Stull tls give to bands of 
Susemgie. with @ momanss. sf apound . Leci £5 mm: Tas Latte 
Band 28 C.dcce wast Gnd 4s 2.3 07 ays Pee pl a Paes te 
G28 Giwen tha sp.0t7a Of polve-h-Lysins f.-sreellc 


: 2. T= - fia 2m aqueous 
S0lusion wnic> VATIOuS sondleiitc, Cop-.dang on waich tae molee 


ouhe has — varices strucwure {25/6 
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Figure 3. Ultercviolst speczura of absc>ption of polvenelysine 


nyarechlovide 4m aquecus solution Li] . 1 = ashelix, pf 16.3, - 
25° Cc, 2- tore cels> coi, aa 6.3, “ZS C, 3 Gi -forn, yak 4003, 
52° 6, ; 
Snoh of tia sumassures: etretchscd = @ , cotied int uclix - @, 
2 irreguias kes a corresponding spectral curve wiva spociric 
coareoteristics. Tu3 considerable Icsscaing of absorpeica in 
the helic:l structure 15 called the }ccshronic afvect /Z0, 217 
and sexsiects tre interaction of the gaven mownt os transition 
vith other moments, in ors case with a transition having a 
deagth os ave around 150 ma, ‘ne stcted interaction of dipoles 
Gsper.as both on tre mutual locaticn in asrace cf tue Groups in 
weieh the transisions undes considaration tale place and on tus 
Zoree of he trinsicion ard their frcqusncy (lceagth of wave). 
& galculasioan of the Lvyocaromic efract shows /EC7 s21t a 
scmucturs of tis a-helim trrpe should hevo apsroxin Sly tue same 
: .gmisude of nypochro.iieo effect tuat is observed in caporins.t. 
T.syY assu3 thet tho insrease in <bscoztion for tas &@enelix in 
“,.8 range of transition wita a lersta of rave of arlunc 220 na 
iottmercar-mi 3) 28 comeéitioued 1s. thes L-licsl scruccure dy tao 
‘néuractacn (cy a berrowiaz ef intensity) with a sirong transie 
t.om of avourd 190 m. those epootcic interactions ue 
averaged to a considerable dsgree in th2 isregular conformations 


zne Cetected C2fforences ray de use’ in princizis for a 
stucy of tho complex structure of molecules ef glotwiir proteins, 
aotever, axe it is necessary to introduce corrections Loz 
easerptio:. of differens side groups of autno acid radicals. This 
wis mentioned above. 
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a 599 bad 848 aug bid sd? 
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, 4. Absorption spectra Of ovio~tcc Silns of : 

po YersthyleL-siutamio acid (a) and peolycysidziic acta (9)3 

@atea from woris /127 ana /85/ resnectivaiy. 

2 @ electrical vectozr of ligat wave & perpencicuic= to ths 

“Airection of orientation, 2 © parallel. axis of erdinctss @ 

BD © optical density. — . 


in ordered structures 1es0enanse interaction of sxeited cone 


*Gitdons of Sdentical groups may lead to slitting of tae 


: band sorzsesponding to the civea transition, hovever 
“the evexrall pga toh of all the components of tha dard ree 
‘mains constant. S$ a splits Should be ranifested in the 
structure of the @-hel:x » 20/7 and is easily observed in 


, 46 not splite Tho short-wave component of the 27 -transit‘ion 


a tansous eoyhasal transicions in <xdividual m stide croups, 

Gnd the longewave component (twice the csgenerated oscillation 

- Of type B is polarized aovoas tho axis of the helix) - to 

° eansitions with a pisse dicference 22 /, wheve ™ @ the 
muaber of monomer urits in one turn of the holix /257. ‘tm 
Ciohroie ratio, calculated for the given transitic.1 in the 

- atPucture Of the Qehelix, is found in agreezent with experi- 


: ‘< Bus Jeotiscs 2nd mci oie acids. er mb lay dye frame of 
 g@lecules consists RBatrogen bases of two types = purine and 
pyrimidins 


» attached by chemical bonds to a phosphosaccharioe 


' @main, Pas system of conjugated Si-elect‘ons in nitrogen bases 


28 more bd da than in @ peptice groun, however, qualitatively 


~ these systexs eve very aitiler: namely the s.me atoms of nitro= 


* @OR, cavdon, aml axygea, in principle the same electron struse 
~~ ture of Gonjugste f-orbits and unshared pairs of olesctrons. 
. Consequently the spectra also will have an anslogtus interyre- 
- tations a number of strong bands with maxim of cround 199 and 
260 mm corre;jomd to) 830 St sTtetransitions, and weak bands of 


2° apeund 259 nr to nXe-transitions with unshared oroits found 


8% speeifie «toms of nitrogen or oxygen (85, 247. an analysis 
eee rE Cee ae — Le 
pS eS Be 


; Pa « Pere a a -*. 9 + sae oe eet e 
a ww ~e wv a “Ss eare -~_ ww mee se wen Wee wale te 
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od neds Ree be igs, oe ncnton gy. Ge eee: On C7SOs aro = 
‘ Weera bavls 2.) 2yf, 3 this can be 
ee wp eeita 2 Vee eous Biol sc kee an else Se 


ae8 483 5 led had 
&, ere 177g 


stra ef soss~ption of Goomymuoloostacs JC7, 
2 Geoxracencsizra; 3 @ ceomsyeiains; 4 « 
éeoxyouinosins; 3 = ne.esuler coerfisions of adscrztion.. 


All 223 RNlcWwtrancitions are polartzcd in ths plane of 
baces, wailo the Atevetransition i. pertpendicular to tais plane. 
Aecordizs to i645 Vaszon-Criek rode, & wwlecula of ban in native 
state consists o- tro balical jolyrmusicotice chuins ecunectad 
by transverse ayesescn benacs, and one plain o¢ tre nitrogen 
Bases i. angréxanitely perpendisules to the lors axis of toa 
molesuls (under vericus condicicn. the angle of i:nslination of 
toase planss to tare ais of the molecule can conse). in tnis 
e286 the electron spectra in sna arcas of 190—26¢ ma should 
HAVe Sesponcicuiscr polisriszgtion, and the weak der of around 
230 ni - paraliel., Thia was in feet detected /2°7/7 and taus 
confirm 4 423 porpandicule®? arsvanger.=% 0” the panes of 
Nocroger. bascs in the £tructure of Duae The bebivior of 
syatnez-o pcliyrucieoticae chtins in a mimber of céseos is arale 
ogous to tne bohavior of a@ molectuia of Dl.e Eere the 82: stra 
Of tas ;, wiymucleotides ars more distinct and Gictroism in 
oriense. Speciacta 43 manifested more atrongly. As an exanszle 
Pigusa <.5 snows the poiarizatica scectrma. of po ycytidylic 
acid fz77. It 18 uncerstood th: ca-r563 ef conditions, cone 
Gitioni: 5 tne csvolopment of ctner struccusal modifications, 
reltlest very sha>ply on the Gishroism of the Aasor tion dands. 


Duvin; transition of ths regular etructure into raadom the 
exeetrun of Dud changes: toe intensity of sands in incre... ed. 
Bane aypochrcais «lfect of the native structuve fc2503b v-toenine 
itions 12 conditioned by the stictelorm arrangemcnt of nitrercen 
bases 4: the double nelix /25, 27, 267; 1% nay ba used a: & 
msisura of nalicaty in che ecructizes Of Dw OF ide Iz. 
wegaseas 25 ths ny vetransition in ths couvle nelix, tuen hira 
tae tic ury 43 exiresscd concornin:; t..9 inerusse ia 1 2sor,tica 
(ay, cre.vecism), wien waz also ucluLliy dutectec /../.e 


Ge 


Ena Aa ater nate 


Peet Ee aan taide ag, 


my 


Disperstsa cf (Cyticas astavaty da Ci: rewlar Dichroisn of Biopolyscers 


.. ae ‘Different interactions of trans2tion nononte cro reflected in 

. the Opticul astivity of ultsaviolst cocerpsion bands considerably 
- mare strongly than is intersitécs aad sae = aera tucrelore the 
| meshed of dispersion of opticsl setivic; fs exceedingly sensitive 
orem to small chenges in the 8 burs of weleculva, 


“Ye will exenine tho optical o stis 4e7 of Tile tyre sransitions 
qcital & strong dipole electricax momen:. Ina polaris eeiseuie 
: ‘the optical aot.vity consists of the Zoliczing do 8O578NtS« 


o: rt Qe Unherent optic.i activity of monscaric chrome-chores = 
“8 a age group an proteins and nitrogen bases tn musieic acidse 
Confowmation optical activity, daveloping due to ths 
| Bpecitio location of tae mtualiy interceting chromophore grounse 


* Cotdcat activity of chromozh : 203 may manifest itseit curing 
‘ © stucy of icw molecular compoundse The curve of dispersion of 
aotivity or circular dichroism will have the form of a 
an ourre whieh is iepioted in fige 1. Such a dspendence is aancd 
the sips Cove con etfest. 


‘Phe type of cireula> accivity for regular structures mde up 
Of Adentical groups is considerably more complox, besed on the 
principle that in the electron spectmm of the absoxspticn band 

- there is usally « sslitting into t~s or s:voral components. Suca 

. @ @ependcrsce 48 conveniently callec cho saaplox Ccttoa effect. 
The force of rctation, and consequently the contour of the tae 
. Of ciroular dichroism or curve of cisversion of ontical cctivity, | 
\ Gn these cases i3 determined by the intorection oF trans ree | 
moments (primrily electrisal dipols moments) in adcition to the | 
, inherent optical sctivity of chromorhorss. Complex probiems of 
* @hveet calculations are discussed in detail in tis special thooret 
fcal papcrs /G-l1, 29-337. We are inssrestcd mtuly in the cone 
*. formation optiesl cetivaty. For a qiclitative exposure of the 
‘-effests caused only by conformation optical cotivity of strong 
"absorption bands wale are conditioned by Tf .-transitions, it 
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Sigu.3 G. Spectra of abs0rg.ie- | cleouta> Sashes .cm (a), and 
Gisparsica cf optical Rotivity (3) Of Solyel- lass acid an an 
Cyvecus solution, 
=2 all ccses the solig Curve Pllztes $5 A nore. con lorratlon 
»Al 4.5), acd the dotted curve to irregular conZoruation (p= 7.3). 
~sAsentrazion is witaia the lin‘ss Of C.0L76=-0.555. Spectra of 
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ovation (b) are caren POspectivels wren the works £20; 38 ang 403. 
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width near 2500 cm™2. DGotted lines a, by 6 = corresporcing 
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_ dptewastion, the interaction of connected oscillators, and the 

. Sgflwence of a static field. The length of wave co the nIC t-trans- 
isfeon in both cases is taken as 215 na, and its sensity is 


email 


% 


Test Slates Caen re ei eI ol Ne 


4 
i 
i 
3 
i 
} 
i 


se Ye NBG ae iain amet det 


Pia oP . 
cba Weis eat Ba 8 Ra mt 


Pig. 16. Spectra cP abs s=ptten, ciseular cichroism (a) and 
Gispersion 02 optisal rotation (9) of aqueous soautions of micled 
ecids. : 
In alt casss the coltd Line relstes to nativa heiiteal conformatia 
(++ 20°), and tre dovtcd to tna camaturec state, cotained by means 
of beaten vagy $0°}. 
Sseotra or piece sets are gives | fo> a solution of DUA from calf 
Cf — meee | Waor, Re ion of cuvette 1 cm, ecucentration 
0.006% , 227. Curves oF cirowlar Cichroism - for Dilk froa calt 
thymus “a7 Curves of Cisssrsion of optical rotation = for DKA | 
fraa ssizon sperm /£7/. Corrections fo> refvactive index of 
the solution in messrical valuss of specific rocetion are not 
Drogas on. : : 
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